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SURFACE WATER SUPPLY OF THE NORTH PACIFIC
COAST, 1909.

By J. C. StevENs, E. C. LA Rug, and F. F. HENsHAW.

INTRODUCTION.
AUTHORITY FOR INVESTIGATIONS.

This volume contains results of flow measurements made on cer-
tain streams in the United States. The work was performed by
the water-resources branch of the United States Geological Survey,
either independently or in cooperation with organizations mentioned
herein. These investigations are authorized by the organic law of
the Geological Survey (Stat. L., vol. 20, p. 394), which provides,
among other things, as follows:

Provided that this officer [the Director] shall have the direction of the Geological

Survey and the classification of public lands and examination of the geological struc-
ture, mineral resources, and products of the national domain.

Inasmuch as water is the most abundant and most valuable mineral
in nature, the investigation of water resources is included under the
above provision for investigating mineral resources. The work has
been supported since the fiscal year ending June 30, 1895, by appro-
priations in successive sundry civil bills passed by Congress under the
following item:

For gaging the streams and determining the water supply of the United States, and
for the investigation of underground currents and artesian wells, and for the prepara-
tion of reports upon the best methods of utilizing the water resources.

The various appropriations that have been made for this purpose are
as follows:

Annual appropriations for the fiscal year ending June 30—

1895 - - o e $12, 500
1896 . - e iiaeiaeaan 20, 000
1897 to 1900, inclusive. . . .. ..o 50, 000
1901 to 1902, inclusive. . . . . ... ... i iiaiaiiaaaoaas 100, 0600
1903 to 1906, InclusiVe. - . . oo ottt 200, 000
R 150, 000
1908 t0 1910, inclusive. - . . . . .. ..o 100, 000
1 e 150, 000

11



12 SURFACE WATER SUPPLY, 1909, PART XII,

SCOPE OF INVESTIGATIONS.

These investigations are not complete, nor do they include all the
river systems, or parts thereof, that might purposefully be studied.
The "scope of the work is limited by the appropriations available.
The field covered is the widest and the character of the work is
believed to be the best possible under the controlling conditions.
The work would undoubtedly have greater scientific importance and
ultimately be of more practical value if the money now expended
for wide areas were concentrated on a few small drainage basins;
but such a course is impossible because general appropriations made
by Congress are applicable to all parts of the country. Each part
demands its proportionate share of the benefits.

It is essential that records of stream flow shall be kept during a
period of years long enough to determine within reasonable limits
the entire range of flow from the absolute maximum to the absolute
minimum. The length of such a period manifestly differs for different
streams. Experience has shown that the records for some streams
should cover from 5 to 10 years, and for other streams 20 years or
even more, the limit being determined by the relative importance
of the stream and the interdependence of the results and other
long-time records on adjacent streams.

In the performance of this work an effort is made to reach the
highest degree of precision possible with a rational expenditure of
time and a judicious expenditure of a small amount of money. In
all engineering work there is a point beyond which refinement is
needless and wasteful, and this statement applies with especial force
to stream-flow measurements. It is confidently believed that the
stream-flow data presented in the publications of the Survey are in
general sufficiently accurate for all practical purposes. Many of the
records are, however, of insufficient length, owing to the unforeseen
reduction of appropriations and consequent abandonment of sta-
tions. All persons are cautioned to exercise the greatest care in using
such incomplete records.

Records have been obtained at more than 1,550 different points in
the United States, and in addition the surface water supply of small
areas in Seward Peninsula and the Yukon-Tanana region, Alaska,
has been investigated. During 1909 regular gaging stations were
maintained by the Survey and cooperating organizations at about 850
points in the United States, and many miscellaneous measurements
were made at other points. Data were also obtained in regard to
precipitation, evaporation, storage reservoirs, river profiles, and
water power in many sections of the country, and will be made
available in the regular surface water-supply papers and in special
papers from time to time.
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PURPOSES OF THE WORK.

The results contained in this volume are requisite to meet the
immediate demands of many public interests, including navigation,
irrigation, domestic water supply, water power, swamp and overflow
land drainage, and flood prevention.

Navigation.—The Federal Government has expended more than
$250,000,000 for the improvement of inland navigation, and prospec-
tive expenditures will approximate several times this amount. It is
obvious that the determination of stream flow is necessary to the
intelligent solution of the many problems involved.

Irrigation.—The United States is now expending $51,000,000 on
Federal irrigation systems, and this amount is far exceeded by the
private expenditures of this nature in the arid West. The integrity
of any irrigation system depends absolutely on the amount of water
available. Therefore investigations of stream flow in that portion
of the country are not only of first importance in the redemption of
the lands, but constitute an insurance of Federal and private invest-
ments. )

Domestic water supply.—The highest use of water is for domestic
supply, and although this branch of the subject is of less direct
Federal interest than the branches already named, it nevertheless
has so broad a significance with respect to the general welfare that
the Federal Government is ultimately and intimately concerned.

Water power.—The development of the water power of the country
is an economic necessity. Our stock of coal is being rapidly depleted
and the cost of steam power is increasing accordingly. Industrial
growth and, as a consequence, the progress of the United States as a
nation will cease if cheap power is not available. Water power
affords the only avenue now open. When the electric transmission
of power was accomplished the relation of our water powers to national
economy changed entirely. Before the day of electric transmission
water power was important only at the locality at which it was gen-
erated, but it has now become a public utility in which the individual
citizen is vitally interested. Inasmuch as the amount of water power
that may be made available depends on the flow of rivers, the inves-
tigation of flow becomes a prerequisite in the judicious management
of this source of energy. '

Drainage of swamp and overflowed lands.—More than 70,000,000
acres of the richest land in this country are now practically worthless
or of precarious value by reason of overflow and swamp conditions.
When this land is drained it becomes exceedingly productive and
its value increases many fold. Such reclamation would add to the
national assets at least $700,000,000. The study of run-off is the
first consideration in connection with drainage projects. If by the
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drainage of a large area into any particular channel that channel
becomes so gorged with water which it had not hitherto been called
on to convey that overflow conditions are created in places where pre-
viously the land was not subject to inundation, then drainage results
merely in an exchange of land values. This is not the purpose of
drainage improvement.

Flood prevention.—The damage from floods in the United States
probably exceeds on the average $100,000,000 annually, and in the
year 1908, according to estimates based on reliable data, the aggre-
gate damage approximated $250,000,000. Such an annual tax on
the property of great regions should be reduced in the orderly prog-
ress of government. It goes without saying that any consideration
of flood prevention must be based on a thorough knowledge of stream
flow, both in the contributing areas which furnish the water and along
the great lowland rivers.

PUBLICATIONS.

The data on stream flow collected by the United States Geological
Survey since its inception have appeared in the annual reports,
bulletins, and water-supply papers. Owing to natural processes of
evolution and to changes in governmental requirements, the character
of the work and the territory covered by these different publications
have varied greatly. For the purpose of uniformity in the presenta-
tion of reports a general plan has been agreed upon by the United
States Reclamation Service, the United States Forest Service, the
United States Weather Bureau, and the United States Geological
Survey, according to which the area of the United States has been
divided into twelve parts whose boundaries coincide with certain
natural drainage lines. The areas so described are indicated by the
following list of papers on surface-water supply for 1909. The
dividing line between the North Atlantic and South Atlantic drain-
age areas lies between York and James rivers.

Papers on surface-water supply of the United States, 1909.

Part.| No. Title. Part. | No. Title.
I| 261 | North Atlanticcoast.................. VI | 266 | Missouri River basin.
II | 262 | South Atlantic coast and eastern Gulf || VII | 267 | Lower Mississippi River basin.
of Mexico. VIII | 268 | Western Gulf of Mexico.
IIT | 263 | Ohio River basin. IX | 269 | Colorado River basin.

IV | 264 | 8t. Lawrence River basin. p; 270 | Great Basin.
V | 265 | Upper Mississippl River and Hudson XI | 271 | California.
ay basins, XII | 272 | North Pacific coast.

The following table gives the character of data regarding stream
flow at regular stations to be found in the various publications of the
United States Geological Survey, exclusive of all special papers.
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Numbers of reports are inclusive and dates also are inclusive so far
as the data are available.

Stream-flow data in reports of the United States Geological Survey.

[Ann.= Annual Report; B.=Bulletin; W. S.=Water-Supply Paper.]

Report. Character of data. Year
10th Ann., pt. 2......... Descrg)tive information only. ... .. ..o iiiiii it
11th Ann., pt. 2......... Monthly discharge. . c...ooiiiir i i i anaaean 188490to Sept.,
1890.
12th Ann., pt. 2.........]..... 0 R 18%4 3;10 June 30,
891.
13th Ann,, pt. 3......... Mean discharge in second-feet..........ooviiiiiiminiiianan.. 18%491;%) Dec. 31,
i 892,
14th Ann., pt. 2......... Monthly discharge (long-time records, 1871 to 1893)............ 18?8 to Dec. 31,
893.
Descriptions, measurements, gage heights, and ratings ..| 1893 and 1894.
Descriptive information only....... e emeeeaeameeneeanaaran
Descriptions, measurements, gage heights, ratings, and monthly | 1895.
discharge (also many data covering earlier years).
.| Gage heights (also gage heights for earlier years)............... 1896.
Descriptions, measurements, ratings, and monthly discharge | 1895 and 1896.
(also similar data for earlier years).
Descriptions, measurements, and gage heights, eastern United | 1897.
States, eastern Mississippi River, and Missouri River above
junction with Kansas.
W.8.160cuennuenen .....| Descriptions, measurements, and gage heights, western Missis- | 1897.
sippi River below junction of Missouri and Platte, and west-
ern United States.
19th Ann., pt. 4......... Descriptions, measurements, ratings, and monthly discharge | 1897.
(also some long-time recorés).
W.S. 27 eivanaanaen. Measurements, ratings, and gage heights, eastern United States, | 1898.
eastern Mississippi River, and Missouri River.
W. 8. 28 el Measurements, ratings, and gage heights, Arkansas River and | 1898.
western United States.
20th Ann., pt. 4......... Monthly discharge (also for many earlier years)............... 1898.
W.S.35%039.. ..] Descriptions, measurements, gage heights, and ratings........ 1899.
21st Ann., pt. 4 ..| Monthly discharge. ........ocoiiiiiir i iaiaeiaeananas 1899.
W. 8. 47 to 52.. ..| Descriptions, measurements, gage heights, and ratings........ 1900.
22d Ann., pt. 4 .| Monthly discharge........... e iaaemaeeeaeaeeeeacaean 1900.
W. 8. 65, N .. Descrisxtions, measurements, gage heights, and ratings........ 1901.
W.8.7..... .| Monthly discharge 1901.
W.S.82t085 Complete data........
W.8.97t0100......... | .. (S
W. 8. 124 to 135. ool
W. S.165 to 178 J O 1
W. S. 201 to 214 Complete data, except descriptions
W. S. 241 to 252 Completedata. ... .. ... .ocooiiiiiiiiiians
W.8.261t0272......0. |..... O e et e ettt a e aaaaan

Nore.—No data regarding stream flow are given in the 15th and 17th annual reports.

The records at most of the stations discussed in these reports
extend over a series of years. An index of the reports containing
records prior to 1904 has been published in Water-Supply Paper 119.
The first table which follows gives, by years and drainage basins, the
numbers of the papers on surface-water supply published from 1899
to 1909. Wherever the data for a drainage basin appear in two
papers the number of one is placed in parentheses and the portion of
the basin covered by that paper is indicated in the second table. For
example, in 1904 the data for Missouri River were published in Water-
Supply Papers 130 and 131, and the portion of the records contained
in Water-Supply Paper 131, as indicated by the second table, is that
relating to Platte and Kansas rivers. :
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Numbers of water-supply papers containing results of stream measurements, 1899-1909.

18990 | 19005 [ 1901 1902 1903 1904 1905 1906 |1907-8| 1909
Atlantic coast and east-
ern_Gulf of Mexico:
New England rivers. 35 47| 65,75 82 97 124 165 201 241 261
Hudson River to
Delaware River,
inclusive. . ... 35 | 47,(48) | 65,75 82 o7 125 166 | 202| 24| 261
Susquehanna River .
to York River,
inclusive.. ... ._... 35 48 | 65,75 82 97 126 167 203 241 261
James River to
Yadkin River,in-
clusive............ (35),36 48 | 65,75 | (82),83 | (97),98 126 167 203| 242| 262
Santee River to
Pearl River, in-
clusive........ .. 36 48 | 65,75 83 98 127 168 204 242 262
St. Lawrence 36 49 | 65,75 | (82),83 97 129 170 206 244 264
Hudson Bay....ccovennu]eannentfonnaa.. 66,75 85 100 130 171 207 245 265
Mississippi River:
8h10 Rivfii..,.:..:. 36 | 48,(49) | 65,75 83 98 112288 169 | 205| 43| 263
per ssissippi s
e . Mississippl } 36 19| 65,75 83 |98,000) [ qagy |} 71| 27| 25| 265
Missouri River...... (36),37 | 49,(50) | 66,75 84 99 { (}gf)’ 72| 208| 26| 266
Lgwer, Mississonl g7 |0 | (99 hessoa| ompon | 02 [ 08 | G | 2oy
Western Gulf of Mexico. 37 50 | 66,75 84 99 132 174 210 248 268
PaBeiﬁp coast and Great
asin:
Colorado River...... ()38 | 51| 66,75 | 85| 100 { 2| 7% AL 200 2
: 133, 176, 212 250, 270,
Great Basin ........ 38,(39) 50 | 66,75 851 100 355 | a7 | @3) | (513 | @t
Sog.u;h Igaiclﬁc eog,sﬁ ,
o ama
River, inclusive. . .| (38),39 51| 66,75 85 100 134 177 213 251 271
North Pacificcoast..| 38 51| 66,75 8| 10| 135 {(17177)é } 24| 252| 272

a Rating tables and index to Water-Supply Papers 35-39 contained in Water-Supply Palier 39.
b Rating tables and index to Water-Supply P,a{)ers 47-52 and data on precipitation, wells, and irrigation

in California and Utah contained in Water-Supp

y Paper 52.

Numbers of water-supply papers containing data covering portions of drainage basins.

No. River basin. Tributaries included.
35 | James
36 | Missouri. Gallatin,
37 | Colorado Green, Gunnison, Grand above junction with Gunnison.
38 | Sacramento. . Except Kings and Kern.
39 | Great Basin.. Mohave.
48 | Delaware. ... Wissahickon and Schuylkill. .
49 | Ohio....... Scioto.
50 | Missouri Loup and Platte near Columbus, Nebr. All tributaries below
junction with Platte.
65 | Lower Mississippi .| Yazoo.
g9 |[James. ... . . . .
St. Lawrence...... .| Lake Ontario, tributaries to St. Lawrence River proper.
83 | Lower Mississippi.. .1 Yazoo.
97 | James............. .
98 | Lower Mississippi . Do.
99 | Upper Mississippi. . .| Tributaries from the west.
128 | Lower Mississippi.. .| Yazoo.
130 | Upper Mississippi.. .I Tributaries from the west.
131 issouri........... .| Platte, Kansas.
134 {Colorado ..... .| Data near Yuma, Ariz., repeated.
Great Basin..... ...| Busan, Owens, Mohave.
169 | Lower Mississippi.. ...| Yazoo. .
Colorado........... .| Below junction with Gila.
177 |{Great Basin......... Susan repeated, Owens, Mohave.
North Pacific coast. . .| Rogue, Umpqua, Siletz.
205 | Lower Mississippi.. ...| Yazoo, Homochitto.
213 {Colorado ........... .| Data at Hardyville repeated; at Yuma, Salton Sea.
Great Basin. . ..| Owens, Mohave.
251 | Colorado..... .| Yuma and Salton Sea stations repeated.
271 | Great Basin......c.......o. .| Owens River basin.
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The order of treatment of stations in any basin in these papers is
downstream. The main stem of any river is determined on the
basis of drainage area, local changes in name and lake surface being
disregarded. After all stations from the source to the mouth of the
main stem of the river have been given, the ttibutaries are taken up
in'regular order from source to mouth. The tributaries are treated
the same as the main stream, all stations in each tributary basin
being given before taking up the next one below.

The exceptions to this rule occur in the records for Mississippi
River, which are given in four parts, as indicated above, and in the
records for large lakes, where it is often clearer to take up the streams
in regular order around the rim of the lake than to cross back and
forth over the lake surface.

DEFINITION OF TERMS.

The volume of water flowing in a stream—the “run-off” or ““dis-
charge”’—is expressed in various terms, each of which has become
associated with a certain class of work. These terms may be divided
into two groups: (1) Those which represent a rate of flow, as second-
feet, gallons per minute, miner’s inches, and run-off in second-feet
per square mile, and (2) those which represent the actual quantity
of water, as run-off in depth in inches and acre-feet. They may be
defined as follows:

““Second-foot”” 'is an abbreviation for cubic foot per second and is
the rate of discharge of water flowing in a stream 1 foot wide, 1 foot
deep, at a rate of 1 foot per second. It is generally used as a funda-
mental unit from which otners are computed by the use of the factors
given in the following table of equivalents.

““Gallons per minute” is generally used in connection Wlth pumping
and city water supply.

The ‘“miner’s inch” is the rate of discharge of water that passes
through an orifice 1 inch square under a head which varies locally.

It is commonly used by miners and irrigators throughout the West
and is defined by statute in each State in which it is used.

“Second-feet per square mile” is the average number of cubic feet
of water flowing per second from each square mile of area drained,
on the assumption that the run-off is distributed uniformly both as
regards time and area.

“Run-off, depth in inches on drainage area,’” is the depth to which
the drainage area would be covered if all the water flowing from it in
a given period were conserved and uniformly distributed on the sur-
face. It is used for comparing run-off with rainfall, which is usually .
expressed in depth in inches.

84547°—wsp 272—11—2
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“ Acre-foot” is equivalent to 43,560 cubic feet, and is the quantity
required to cover an acre to the depth of 1 foot. It is commonly
used in connection with storage for irrigation work.

CONVENIENT EQUIVALENTS.

The following is a list of convenient equivalents for use in hydraulic
computations:

1 second-foot equals 40 California miner’s inches (law of March 23, 1901).

1 second-foot equals 38.4 Colorado miner’s inches.

1 second-foot equals 40 Arizona miner’s inches.

1 second-foot equals 7.48 United States gallons per second; equals 448.8 gallons per
minute; equals 646,272 gallons for one day.

1 second-foot equals 6.23 British imperial gallons per second.

1 second-foot for one year covers 1 square mile 1.131 feet or 13.572 inches deep.

1 second-foot for one year equals 31,536,000 cubic feet.

1 second-foot equals about 1 acre-inch per hour.

1 second-foot for one day covers 1 square mile 0.03719 inch deep.

1 second-foot for one 28-day month covers 1 square mile 1.041 inches deep.

1 second-foot for one 29-day month covers 1 square mile 1.079 inches deep.

1 second-foot for one 30-day month covers 1 square mile 1.116 inches deep.

1 second-foot for one 31-day month covers 1 square mile 1.153 inches deep.

1 second-foot for one day equals 1.983 acre-feet.

1 second-foot for one 28-day month equals 55.54 acre-feet.

1 second-foot for one 29-day month equals 57.52 acre-feet.

1 second-foot for one 30-day month equals 59.50 acre-feet.

1 second-foot for one 31-day month equals 61.49 acre-feet.

100 California miner’s inches equals 18.7 United States gallons per second.

100 California miner’s inches equals 96.0 Colorado miner’s inches.

100 California miner’s inches for one day equals 4.96 acre-feet.

100 Colorado miner’s inches equals 2.60 second-feet.

100 Colorado miner’s inches equals 19.5 United States gallons per second.

100 Colorado miner’s inches equals 104 California miner’s inches.

100 Colorado miner’s inches for one day equals 5.17 acre-feet.

100 United States gallons per minute equals 0.223 second-foot.

100 United States gallons per minute for one day equals 0.442 acre-foot.

1,000,000 United States gallons per day equals 1.55 second-feet.

1,000,000 United States gallons equals 3.07 acre-feet.

1,000,000 cubic feet equals 22.95 acre-feet.

1 acre-foot equals 325,850 gallons.

1inch deep on 1 square mile equals 2,323,200 cubic feet.

1 inch deep on 1 square mile equals 0.0737 second-foot per year.

1 foot equals 0.3048 meter.

1 mile equals 1.60935 kilometers.

1 mile equals 5,280 feet.

1 acre equals 0.4047 hectare.

1 acre equals 43,560 square feet.

1 acre equals 209 feet square, nearly.

1 square mile equals 2.59 square kilometers.

1 cubicfoot equals 0.0283 cubic meter.

1 cubic foot equals 7.48 gallons.

1 cubic foot of water weighs 62.5 pounds.

1 cubic meter per minute equals 0.5886 second-foot.
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1 horsepower equals 550 foot-pounds per second.

1 horsepower equals 76.0 kilogram-meters per second.
1 horsepower equals 746 watts.

1 horsepower equals 1 second-foot falling 8.80 feet.

15 horsepower equal about 1 kilowatt.

. ~ft. Xfall in f
To calculate water power quickly: Secft Xﬁu = eet=net horsepower on water

wheel realizing 80 per cent of theoretical power.
EXPLANATION OF TABLES.

For each drainage basin there is given a brief description of gen-
eral condifions covering such features as area, source, tributaries,
topography, geology, conditions of forestation, rainfall, ice conditions,
irrigation, storage, power possibilities, and other special features of
importance or interest.

For each regular current-meter gaging station are given in general,
and so far as available, the following data: Description of station,
list of discharge measurements, table of daily gage heights, table
of daily discharges, table of monthly and yearly discharges and
run-off. For stations located at weirs or dams the gage-height table
is omitted.

In addition to statements regarding the location and installation
of current-meter stations the descriptions give information in regard
to any conditions which may affect the constancy of the relation of
gage height to discharge, covering such points as ice, logging, shift-
ing conditions of flow, and backwater; also information regarding
diversions which decrease the total flow at the measuring section.
Statements are also made regarding the accuracy and reliabilty of
the data.

The discharge-measurement table gives the results of the discharge
measurements made during the year, including the date, name of
hydrographer, width and area of cross section, gage height, and
discharge in second-feet.

The table of daily gage heights gives the daily fluctuations of the
surface of the river as found from the mean of the gage readings
taken each day. At most stations the gage is read in the morning
and in the evening. The gage height given in the table represents
the elevation of the surface of the water above the zero of the gage.
All gage heights during ice conditions, backwater from obstructions,
etc., are published as recorded, with suitable footnotes. The rating
is not applicable for such periods unless the proper corrections to
the gage heights are known and applied. Attention is called to the
fact that the zero of the gage is placed at an arbitrary datum and has
no relation to zero flow or the bottom of the river. In general, the
zero is located somewhat below the lowest known flow, so that
negative readings shall not occur.
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The discharge measurements and gage heights are the base data
from which rating tables, daily-discharge tables, and monthly-dis-
charge tables are computed.

The rating table gives, either directly or by interpolation, the .
discharge in second-feet corresponding to every stage of the river
recorded during the period for which it is applicable. It is not pub-
lished in this report but can be determined from the daily gage
heights and daily discharges for the purpose of verifying the pub-
lished results as follows:

First plot the discharge measurements for the current and earlier
years on cross-section paper with gage heights in feet as ordinates
and discharge in second-feet as abscissas. Then tabulate a number
of gage heights taken from the daily gage-height table for the com-
plete range of stage given and the corresponding discharges for the
days selected from the daily-discharge table and plot the valués on
the cross-section paper. The last points plotted will define the
rating curve used and will lie among the plotted discharge measure-
ments. After drawing the rating curve, a table can be developed
by scaling off the discharge in second-feet for each tenth foot of
gage height. These values should be so adjusted that the first dif-
ferences shall always be increasing or constant, except for known
back-water conditions.

The table of daily discharges gives the discharges in second-feet
as determined from the rating tables corresponding to the observed
gage heights.

In the table of monthly discharge the column headed ‘‘Maximum”’
gives the mean flow, as determined from the rating table, for the day
when the mean gage height was highest. As the gage height is the
mean for the day, it does not indicate correctly the stage when the
water surface was at crest height and the corresponding discharge
consequently larger than given in the maximum column. Likewise,
in the column of ““Minimum” the quantity given is the mean flow for
the day when the mean gage height was lowest. The column headed
‘“Mean’ is the average flow in cubic feet for each second during the
month. On this the computations for the remaining columns,
which are defined on page 17, are based.

FIELD METHODS OF MEASURING STREAM FLOW.

There are three distinct methods of determining the flow of open-
channel streams: (1) By measurements of slope and cross section
and the use of Chezy’s and Kutter’s formula; (2) by means of a
weir or dam; (3) by measurements of the velocity of the current and
" of the area of the cross section. The method chosen depends on the
local physical conditions, the degree of accuracy desired, the funds
available, and the length of time that the record is to be continued.
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Slope method.—~Much information has been collected relative to the

coefficients to be used in the Chezy formula, v=cw/IjK This has
been utilized by Kutter, both in developing his formula for ¢ and in
determining the values of the coefficient » which appears therein.
The results obtained by the slope method are in general only roughly
approximate, owing to the difficulty in obtaining accurate data and
the uncertainty of the value for n to be used in Kutter’s formula,
The most common use of this method is in estimating the flood dis-
charge of a stream when the only data available are the cross section,
the slope as shown by marks along the bank, and a knowledge of the
general conditions. It is seldom used by the United States Geo-
logical Survey. For full information regarding this method the
reader is referred to the various textbooks on hydraulics.

Weir method.—Relatively few stations are maintained at weirs or
dams by the United States Geological Survey. Standard types of
sharp-crested and broad-crested weirs within the limits for which
accurate coefficients have been experimentally obtained give very
accurate records of discharge if properly maintained. At practically
all broad-crested weirs, however, there is a diversion of water either
through or around the dam, usually for the purpose of development
of water power. The flow is often complicated, and the records are
subject to errors from such sources as leakage through the dam,
backwater at high stages, uncertainty regarding coefficient, irregu-
larity of crest, obstructions from logs or ice, use of flashboards, old
turbines with imperfect ratings, and many others depending on the
type of development and the uses of the diverted water.

In general, records of discharge at dam are usually accurate enough
for practical use if no others are available. It has been the general
experience of the United States Geological Survey, however, that
records at current-meter gaging stations under unobstructed channel
conditions are more accurate than those collected at dams, and where
the conditions are reasonably favorable are practically as good as
those obtained at sharp-crested weirs.!

Velocity method.—Streams in general present throughout their
courses, to a greater or less extent, all conditions of permanent, semi-
permanent, and varying conditions of flow. In accordance with the
location of the measuring section with respect to these physical con-
ditions, current-meter gaging stations may in general be divided
into four classes—(1) those with permanent conditions of flow;
(2) those with beds which change only during extreme high water;

1The determination of discharge over the different types of weirs and dams is treated fully in “Weir
experiments, coefficients, and formulas” (Water-Supply Paper 200) and in the various textbooks on
hydraulics. “Turbine water-wheel tests and power tables’” (Water-Supply Paper 180) treats of the dis-
charge through turbines when used as meters. The edition of the latter paper is nearly exhausted. It
can, however, be consulted at most of the larger libraries of the country, or can be obtained from the Super-
intendent of Documents, Washington, D. C., at a cost of 20 cents,
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(3) those with beds which change frequently but which do not cause
a variation of more than about 5 per cent of the discharge curves
from year to year; and (4) those with constantly shifting beds.
In determining the daily flow different office methods are necessary
for each class. The field data on which the determinations are
based and the methods of collecting them are, however, in general
the same.
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